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????? ??????????? ??????? ?????????? ????? ???????? ?? ????? ???? ????????????
????????????????
?? ??????????????Science as Writing
I?? ??? ??? ???? ??????? ?????????? ????? ?????? ??????????? ?????????? ????????? ???
????????????????????????????????????????????????????????????????????????????????
???????????? ??? ?????????? ???????????????
happens either in graduate school or in an 
upper division course focused on writing in 
??????????????????????????????????????????
“graduate students … feel that the pressure 
to produce high-quality science writing is 
not matched with the training necessary to 
???????? ??? ?? ????????????? ???????? ???????
??? ???? ??????? ?????? ????????? ?????????
????? ???? ?????????????? ??? ?????? ??????
???????? ??????? ??? ?????????? ??????? ??????
than those that are part of their science 
coursework. In the freshman English 
composition sequence, some students may 
write general research papers or complete 
????????????????????????????????? ???????????
are taught to write using the conventions 
of the English or humanities disciplines. 
????????????? ??????????????????? ?????????????????????????????????????? ????????
????????????????????????????????????????????????????????????????????????????????
success. In fact , sometimes “English teachers strongly encourage students to write 
??????????????????????????????? ??? ?????????? ???????????????? ???? ????????????????
???????????????????????????????????????????????????? ??????? ????????????????? ????
?????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????






communicators out of its 
??????????????????????????????
is intended to make masterful 
????????????????????????????
??????????????????????????????????
developmental cycle . . . whereby 
the student can encounter the 
?????????????????????????????????
at a level of sophistication 
commensurate with their general 
level of science education.
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?????????????????? ?????? introduces Virginia community college students to 
the conventions of science rhetoric in the Composition II slot. Intended as an option 
??????? ????????? ?????????????????? ???? ????????????????????????????????????????
????????? ???????????? ??? ???????????? ???? ???? ??????????? ???? ??????? ??????????
????? ??????? ???????? ????? ?? ????????? ??????????????? ?? ??????? ???? ?? ??????? ???
???????????????????????????????????????????????????????????????????????????????????????




?????????????????????? ??????? ?????????????????? ?????????? ??????????????????
?????????????????????????????????????????????????????????????????????????????????
???????? ??? ??? ??????????????? ??????????????????????????????????????????????????????
??????????????????????????? ?????????????????????????? ?????????????????? ??????????
rhetoric at a level of sophistication commensurate with their general level of science 




??????????????????????????????? ??????? ??? ??????????????? ??????????? ?????????
??????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????? ?????????????? ???????
???? ????????????????????????????????????? ????? ????????????????? ???? ????????????
??????? ??????????? ???????? ?????????? ??????? ??? ???????? ????? ???????????? ????? ??
?????????????????????????? ??????????????????????????????????????????????????????????
????????????????? ?????????????? ???????? ??? ????????????????????? ??? ?????????????????
??????????? ??????????????????????????????????????????????????????????????????????????







such as the one I hope to develop at my institution, Northern Virginia Community 
????????????????????????????????????????? ???? ?????????????? ???????????????????????
?????????????????????????????????????? ???????????????????????????????????????????????
???????????????? ????????????? ????? ??????? ????????? ??????? ????????? ??????????? ??? ??
secondary science magnet school. 
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the composition environment, and once the student learns the literary conventions 
????????????? ????????????????????????????? ????????????????????????????????????????
writing process composition course. Further, the “science and engineering students 
?????????????????????????????????????????????????????????????????????????????
???????? ????? ??? ???? ????????? ?????? ??? ?????????????? ???? ?????????????? ??????? ????
????????????????????????????????????????????????????????????????????????????????????
???? ???????????????????????? ???????? ?????????????????????? ???????? ????????? ???
which my class has evolved in the last few years.
A. Compose Typical Scientific Prose
???????????????????????????????????????????????????????????????????????????????????
??? ????????????????????????????????????????????????????????????????????????????????




prose ensures uniformity and fewer errors in misreading or misinterpretation. Plain 
????????????????????? ????????????????????????????????? ?????????????????????????????
????????????????????????????????????????????????????????????????????????????????










expression of one thought, using the present tense and the active voice as much 
????????????????????????????????????????????????????????????????????????????????????
???? ???? ??? ?????????? ???? ?????????? ??????? ?????? ???? ??????? ????? ???????? ???
?????????? ????????????????????????????????????????????????????????????????????????
??????????????????????????? ??????????????????????? ??????????????????? ?????????? ???
????????? ????????????????????????????????????????????????????????????????????????????
????? ????????? ?????????????? ??? ????????????????????????? ????? ????????? ?? ????? ???
??????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????? ??????? ???????read 
the same??????????????????????????????????????????????????????????????????????
??????????????????????principle of one meaning??????????????????????????????????????
??????????????????????????????????????????????????????????????? ????????????????????
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?????????????????????????????????????????????????????????????????????????????????




The practical fact is that science has evolved a completely different, in many ways 
????????????????????????????????????????????????????????????????????????? ???????? ???
???????????????????????????????????????????????????????????????????????????????????????
is meant to show a general orientation of science to writing and argumentation. 
??? ??????????????????????????????????????????????????????????????????????????????????
?????????????????????????????????????????????????????????????????????????????????????
each practitioner seeks to emulate, with the consequent result that not all writers 
understand what they are doing or necessarily do it very well. I use this chart to 
??????????????????????? ??????????????????????????????????????????????????????????
??????????????????????????????????????????????????????
??????????????????????????????? ????? ????????????????????????????????? ?????
??????????????????? ??????????????????




metaphor, poetic language, and diction
Language is literal: Plain Style
Forms are creative and evolve quickly ??????????????????????????????????????
?????????????????????????????????? ????????????????????????????????
The purpose of literature is to entertain, and to 
???????????????????????????????????????????????
???????????????????????




B. Compose Typical Scientific Documents
???????????????????????????????????????????????????????????????????????????????
arrange assignments that mimic the authentic conditions and purposes of actual 
?????????? ????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????
as the Environmental Protection Agency (EPA), the National Science Foundation 
???????????????????????????????????????????????????????????????????????????????????
????????? ???? ??????????? ???????????? ????? ???? ????????? ??? ?????????? ??????????
?????????? ??? ???? ???????? ??? ???????? ?????????????????? ??? ?????? ??????????? ?????
larger rhetorical constructs (theories) or goals. Most important are those writings 
???????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????
new knowledge to various audiences. 
??????? ????????? ????? ??? ??? ??????? ????? ??? ??????????????????? ??????? ?????????
more prescriptive than they are in other contexts, and writers are given almost no 
choice in the arrangement of arguments: they must meet the exact requirements 
4
Inquiry: The Journal of the Virginia Community Colleges, Vol. 19, Iss. 1 [2014], Art. 3
https://commons.vccs.edu/inquiry/vol19/iss1/3









?????? ????????? ??? ?????? ????????? ??????????? ????? ??????? ????????? ????? ????????
???????? ??????????????????? ????????????????????????????????????????????????????????????
??????????????????????? ??????????? ??????????????????????????????? ????? ????? ?????
intended for the common reader, the average non-scientist, or even for scientists 
??????????????????????????? ?????? ????????????????? ???????????????????
???????????????????????????????????????????????????????????????????????????????????




???????????? ???? ??????? ???????????????????????? ????????? ?????? ??????????????
years old.
?????????????????????????? ???????????????????????????????????????




D. Rhetoric of Science
?????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????? ????????? ????????? ?????? ??? ????? ??????
create, process, store, and transmit knowledge and meaning through language, 
and that a greater control of these cognitive processes will improve not only their 
????????????????????????????????????????????????????????????????????????????????
???????? ?? ??????????? ????? ??????????????? ?? ?????? ????????? ??????? ???????????? ???
???????????????????????????????????? ???????????? ???????? ???? ???????? ????????????
????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????????????????
1Appendix C includes two exemplary writing assignments to illustrate the approach my class 
?????? ??? ?????????? ????????? ???????????????? ??????? ??????????? ?????? ?????? ???????????? ??????
the needs of their local science writing environments. Individual instructors should consider 
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?????????????????????????????????? ?????????????????????? ???????? ??????????????
??????????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????
???????????????? ???????????? ????????? ??????? ????????????????????????????????
?????????????????????? ??????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????
E. Written Scientific Argument
??????? ????????? ????? ????????? ???????? ?? ?????????? ???????? ???????? ??? ??? ????
????????? ?????? ??? ????????? ???? ???????????? ??? ?????????????? ???????? ?????????
??? ??? ?????????? ??????????? ??? ????????????? ???????? ????????????? ?? ?????????? ?????
??????????????????????????????????????????????????????????????????????????????
???????????????????????????????????????????????????????????????????????????????????????










a. Students perceive a particular phenomena 
??????????????????????????????????????????????????????????????????
c. Students design and conduct a study of that hypothesis 





h. Students present the study in an oral setting 
??? ??????????????????????????????????????????????????? ??????????? ???????? ????
than halfway through the semester, I require students to self-select research teams 
????????????????? ???????? ??????????? ???????????????????????????????????????????
question they discover in relation to a set of rhetorical parameters I impose upon 
6
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?????? ?????? ?????????????? ????? ??????? ???? ??????? ???????? ???? ?????????? ????????



















The point of these studies is that they are authentic, and that students conceive of 
?????????????????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????
F. Collaboration and Research 
????????????????????????????? ????????????????????????????????????????????????????????
?????????? ?????? ???? ??????????????? ?????????????? ???? ??????????????? ?????????????




???????????? ???? ????????? ?? ???? ????? ????? ????? ??? ?????????????????? ???? ??????
??????????????? ???????????????????????????????? ???????????? ????????????????????????





?????????????? ??? ??? ?????????? ????? ??????? ???????????? ?? ?????????? ??????? ???
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this assignment in order to avoid teaching this topic in isolation. 






only demonstrates the authority and knowledge of the researcher, it also connects 
?????????????????????? ????????????????????????????????????????????????????????????????
????????????????????????? ? ??????????????????????????????????? ???????????????????
??????????????????????????????????????????????????????????????????????????????????





Science professionals are constantly called upon to present information to various 
audiences in live settings, and commonly the young scientist-graduate student will 
???????????? ??? ??????????? ??????????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????
???????????? ??????????????????????????????????????????????????????????????????????????
???? ????????? ???? ????? ????????? ??? ?????? ???? ???????????? ??? ????????? ?????? ????????





group of writers to revise their work with greater attention and success. However, 




????????????????????????????????????????????????????? ????????? ???????????Writing 
?????????????????????????????????????????????????????????????? ???????????????????
???? ??????? ??????????????????????????????????? ?????? (although currently out-
????????????????????????????????????????????????????????????????????????????????
supporting APA documentation style, and some also include discussion of Plain 
??????????????????????????????????????????????????????? ???????????????????????????????
????????????????????????????????????????????????????????????????????????? ????????????
??????????? ????????? ?????????????????????????????? ????????? ????????????????????
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???? ??????? ????????? ???????????? ????? ??????????????????????? ??? ?????? ?????? ????
?????????????????????????????????????????????????????????????? ???????????????????????????
?????????????????????????????? ??????????????? ???????????? ????????? ????????? ???




??????????? ?????????????? ???????????? ?????????????????????????????????????????
????????????????????????????????????????????????????????????????????????????????????????
currently listed in these agreements. Consequently, students hesitate to register for 
??????????????????????????????????????????????????????????????????????????????????????
??????????????? ??????????????? ?????????? ????????????????????????????????????????
interest and participation, particularly through the use of learning communities. 
?????????????????????????????????????????????????????????????????????????????
???????????????????????????
??? ????????? ?????????????????????? ?????????????? ?????????????????????????
to write using plain style improved the most. I also developed a new 
?????????????? ??? ???? ???????????? ???????? ???????? ???????? ???? ??????????
writing. My writing further developed as I was introduced to the different 





know more professional types of writing. I had a very positive experience 
????????????????
????????????????????????????????????????????????????????????????????????????
????????????????????????????????????????????? ???????????? ?????? ?????????
?????????????? ????????????????????????????????????????????? ???????????????????????????????????????
???????? ????? ?????? ???????????????? ??????? ????????? ?????????????????? ?????????????????
as well. Porush’s, ??????????????????????????????????????, is not only a good introduction to 
???? ??????????????? ???????????? ???? ?????????? ??? ??????????????????? ??? ?????? ????? ??? ????? ??? ??
student text. Similarly, Barass’ ?????????????????????????????????????????????????????????????????
Engineers and Students is also good for the same purposes. An instructor new to teaching 
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it now, it gives me a leg up with others who haven’t had the opportunity 
to take it. I love looking at things from different perspectives. [This] class 
??????? ???????? ?????? ??????? ??????? ??????????????????????????? ????? ????
?????????????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????? ????????
????????? ????????? ?????? ??????????????????????? ?? ???????????? ??????????
and know I gained more knowledge that makes me a more well-rounded 
?????????
“This class was an interesting and informative lecture that allowed my 
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Appendix A: The VCCS Course Content Summary
????? ??????? ???? ?????? ?????????????? 
????????????????????? ?????????? ???
??????? ???????????
????????? ????????????????????? ??? ??????????????????? ????????????????????????????
???????? ???????? ???????? ?????????? ??????????? ???? ?????????? ?????????? ??????????
?????????????????????????????????????????????????????? ???????? ????????????????????
???????????????????????????????????????????????????????????????????????????????
achieving typical voice, tone, style, audience, and content in formatting, editing, 
?????????????????????????????????? ????
???????? ?????????????
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? ??? ??????????????????????????????????? ??????????????????????????????????????
of various science related documents
? ???????????????????????????????????????????????????????????????
? ??????????????????????????????????????????????????
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? ??? ??????????? ??? ?????????? ??????????? ?????????? ?????? ??????? ???????? ???
???????????????????????????????????????????????????????????????????
? ??????????????????? ???????such as:
 - Memo
 - Study Proposal
? ?? ???????????????
? ?? ???? ????????????????????????????
? ?? ??????????
? ?? ?????????? ?????????????
? ?? ?????????????????
? ?? ??????????????????????
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Appendix B: Sample Syllabus
??????? ????????????? ????? ???????????? ?????? ???????? ??? ???? ??????????? ????
???????????????????????????????????????????????????????????????????????????????????
?????????????? ???? ???????? ???????? ???????? ?????????? ??????????? ???? ??????????
???????????????????????????????????????????????????????????????????????????????????
????????? ???? ???????? ??? ???????????? ???????????????????? ??????????? ???????????
?????????????????????????????????????????????????????????????????????????????????????
formatting, editing, and graphics.
As well, this course continues to develop college writing with increased emphasis 
on critical essays, argumentation, and research, developing these competencies 
?????????????????????????????????????????????????????????????????????????????????
students to locate, evaluate, integrate, and document sources and effectively edit for 
????????????????????????????????????? ?????
??????? ????????????? ???
1.  help students understand that writing is a process that develops through 
experience and varies among individuals. 
??? ?????????????????????????????????????????????????????????????????????????
improve the quality of their writing.
??? ? ?????????????????????????????????????????????????????????????????????????
them in well-structured prose appropriate to the purpose and audience
??? ? ??????? ?????????? ???????? ??? ???????? ?????????? ????? ???? ?????????
information to support their thinking and writing
??? ?????????? ???? ????????? ??????????? ??? ?????????? ????????? ??????????
?????????????????????????????????????????????????????????????????????????
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1.  ????????????????? ??????????????????????????????? ????????????? ?????
common professional communication tool.
??? ? ????????????????????????????????????????????????????????????
??? ? ?????????????????? ???? ???????????????????????????????????????????????
4.  ????????? ??????? ????????? ????? ????????? ?? ?????? ????? ???????????
essay on an approved science topic
5.  ?????? ????????????????????????????????????????????????????????????
?????????????????????????? ????????????????????????????????????? ????
their research team will Fail this class.
??? ? ??????????? ????????? ????? ??? ?? ?????????????? ?????????????? ????????
????????????????????????????????????????????????????????????????????????
??????????? ??????????? ??? ???????????????????????? ??? ??????
????????????????????????????????????
??? ? ??? ?????????????????????? ??????????????????
??? ? ????? ?????????????????????????????????????????????????????????? ????
???????? ???????? ????????? ???? ????? ????? ?????? ????? ??????????? ????
???????????????????????????????????????????????????????????????????????
to the writing center for a writing conference. Be sure to get a slip from 
the tutor to prove you have used the writing center and staple it to your 
????????????
16
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Appendix C: Two Sample Assignments
?????????????????? ?????? 
???? ????????????????????????????
For this paper, I would like you to ???????????????????????????????????????????????
?????????????????????? ???????????????????? ???????????????????????????????????????
In part, this paper is your personal understanding of Science, and in part this paper 
?????????????????????????????????????????????????????????????????????????????????????




the ways in which you personally see Science, and how you envision yourself, and 








?????????????????????????????????????????????????? as well as any other evidence 
???????????????????????????????????????? ???????????????????????????????????????????
???????????????????????????????????????? ???? ????????????????? ????????????????
to cover your sources.
Finally, since this is an English class, you should take care to apply those principles 
of good essay writing that you learned in English 111 to this assignment. I want to 
see a clear thesis, solid paragraph development, and control of standard English in 
???????????? ?????????????????????????????????????????????????????????????????????????
critique, and then you should spend some serious time revising it. 
?? ??? ????? ?????????? ??????? ?? ???? ??????? ????? ????? ??? ??????????????????? 
???????????????????????? ??? ????????????????????????????????? ??? ???? ?????????????
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?????????? ????? ???? ????????? ??????????? ??? ????? ??? ????????? ????? ????















assigned readings on this topic
?????????????????? ?????? 
???????????????????????????????????????????????????
For this paper, your research team is going to conduct a simple experiment, and then 
??????????????????????????????????????????????????????????????????????????? ?????
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??????????????????? ????????????????????? ?????????????????????????????????????????
??????? ??? ???? ?????????????????????????????????????????




??? ? ????????????????????????? ?????????????????????????????????????????
and documentation of sources
??? ? ????????????????????????????????
??? ?rhetorical tasks:? ?????? ?? ?????????? ?????????? ????????? ???????? ??
hypothesis, design and conduct a test of that hypothesis, record the 
results, and discuss/argue the hypothesis in relation to the study results
??? ? ???????????????????? ???????????????????????????????????? ????????
??? ? ?????????? ??????????????????????????????????????????????????????? ????















??? ? ??????????????????????????????????????????????????? ????????????????
of NVCC during normal hours
??? ? ?????????????????????????????????????????????????????????????????????
????????????????????????????????????????
??? ? ?? ????????? ?????? ???????????? ??? ???????????? ??? ????????? ??? ????
direct way.
??? ????? ??????????????????????????? ???????????????????????
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??? ?????????????????????????????????????????????????????????????????????
??? ? ?? ??? ????????? ??? ?????????? ????????? ??? ??????????????? ??? ?????
Annandale
??? ? ??????????????????????????????????????????????????????????????????????
study: design, data collection, and report writing
??????? ?????????? (Be sure to compare your paper to examples of professional 
?????????? ????????????????????????????????????
??? ? ????????? ?????
???? ? ???????? this is the short summary of the report. See the examples 
??????????????????????????????








????? ???????? ??? ????????????? ?????? ???????? ???? ???? ????? ??????





????????????? ???? ?????????? ????? ??? ???? ???????? ???? ?????? ?????? ?????
?????????????????????????????????????????????????????????????????????







?????? ???? ???????????? ??? ??????????? ???? ???????????? ???? ?????? ???
???? ?????????? ???? ????? ??????????? ???????? ????????????? ???? ????
????????????????? ??????????????????????????????????????????????????????
????????????????????????????????????????????????????????????????????????
to extend your study into other areas…to use the information to make 
??????????????????????????????????????????????????????????????????????
Try to answer the question: ?????????????????????? ????? … this is 
when you “create new knowledge.”
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Appendix D: Recommended Background Readings
American Association for the Advancement of Science (AAAS). ???????????????
???????? ?????????? ???????? ?????? ????????????????????? ???????????????? ????
????????????????????????????
???????????????? ??????????????????????????????? ?????????????????? ???? ????????????
Engineers and Students.? ??? ?????????????????????
?????????? ????????? ???????? ???????? ??????????? ???? ?????? ???? ????????? ??? ????
Experimental Article in Science.? ???????? ????????????? ?????????????????????
???????? ??????????????????????????????????????????? ?? ??????????? ???????????
??????????????????????????????????????????????????????????????? ???????????
???????????
Bruner, J.S. The Process of Education.???????????? ??? ??????? ?????????????????
?????
????????? ??????? ??? ????? ????? ??? ?????????? ???????? ???????????? ??? ??????????
??????????????????????????????????????????????????????????????????????????
?????????????? ????? ??????????? ????????? ???????????????????? ????????????? 
?????????????????????? ?????????????????????? ???????????????????????????
??????????????????
????? ?????? ?? ?????? ????????????????????????????????????????????????????? ????
????????????
???????? ??????? ???A History of Ideas in Science Education: Implications for 
Practice.? ??? ??????????????????????????????????
????????????????????????????? ??????????????????? ??????????????????????????????
???? ???? ??????? ??????????????????????????? ???????? ????? ???????????????
?????????????????????????? ?????????????????
???????????????????????????????????? ????????????? ??????????????????????????????
??????????? ?????????????? ????????? ?????? ???????????????????????????????
???????????
????????? ????? ???????? ??????????? ??? ????????? ??? ????????? ???????? ??????????
Journal of Environmental Education.? ?????????????????????????????????
???????? ?????? ???????????????????????????????? ? ???????? ??????????????????????? 
????????? ?????????????????????????????????
??????? ??????? ??? ???? ??????? ??? ?????? ????? ???????? ??? ?????????? ??????????
American Scientist.? ???????? ????????????????????????????????????????????
?????????????????????????????????????
???????????????????????????????????????? ????????????????? ?????????????????????
????????????????????? ?????????????????????????? ??????? ???????????????????
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??????? ??????? ????????? ?????????? ????? ??????????????????? ?????????? ???? ????
?????????????? ????????? ?????????????????????? ?????????Journal of Technical 
??????????????????????????? ??????? ?????????????????
??????? ???? ?????????????????????????????????????? ??????? ???????
??????????????????????????????????????????????????????????????????? ?????????





???????????????????????????????????????????????????? Lanham: Scarecrow Press, 
?????
?????????? ??? ??? ??? ?????? ???????????? ????????? ??? ?????????? ???????? ??????
presented to SPELT Symposium on Language in Edycation. Karachi, India, 
?????
?????????? ? ? ???????????? ???????Writing Science: Literacy and Discursive Power. 
???????????? ???????????????????????????
?????????? ?????????????????????????????????????????????????????????? ???????????
??????????????????????????????? ?????????????? ????????? ?????????????????????
????
Hamm, Mary and Dennis Adams. Literacy in Science, Technology and the Language 
Arts.? ??????????????????? ???????????
?????? ????? ??? ?????? ?????????? ????? ????????????????? ??????? ???????????????
??????????????????????Writing as a Learning Tool: Integrating Theory and 
Practice.??????????????????????? ?????????? ?????????????????????????? ??????
?????????????????????
???????? ??????? ??? ???? ????? ??????? ???? ?????? ??? ?????????? ?????????????? 
????????? ?????????????????????????????????
???????????????????? ????????????? ????????? ?????????????????? ????? ????????
????????????????????????????????????????????????? ???? ??????? ??????
???????????????????????
Hoffman, Angelika K. ????????????????????????????????????????????????????????
and Presentations,????????? ??? ????? ?????? ????????
????????? ?????????????????????????????? ???????? ???????????????????????? ????
????????English Journal:? ?????????????????????????
Hull, David L. Science as a Process: An Evolutionary Account of the Social and 
??????????? ???????????????????????????????? ???????????????????????
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?????? ????? ????????? ??????????? ?????????? ?????????? ???? ?? ?????????????????
Science Education.? ??????? ???????????????????
???????? ??????? ??????? ????? ??????? ??? ?????????? ???????????????? ?????????












Kuhn, Thomas S. ??????????????????????????????????????????????????????????????
????????????????????
?????????????????????? ??????? ?? ???????????Three Keys to the Past: The History 
?????????????????????????????????????? ??????????????????????????????????
??????? ??????? ????????? ?????????? ???? ????????? ??? ?????????? ???? ??????????
??????????????? ??????????????????????? ?????????????? ??????????? ?? ???????
??????????????????????? ??????????????????????????????????????????
????????????????? ??????????????? ?????????????????????????????????????????????
????????????????????? ??????????? ?????????????? ??????? ??????????????????
?????????????? ?????????????????????The American Scholar.??????????????????? 
?????????
?????Science as Writing.? ??? ?????? ???? ????????
??????????????????????????????????????????????????????????????????????????????
Science, Technology, and Human Values.? ??????? ?????????????????
??????????? ?????? ?? ??????? ???????????? ??? ??????????? ????????? ??????????????
???????? ??? ????????????? ?????????? ???????????????? ??????????? ?????????????
?????????????
?????????????????? ??? ???????????????????? ???????????????????? ???? ??????????
?????? ????????? ?????? ???? ????? ?????? ???????? ????????????????????
????????? ??????? ?????? ???? ???????? ???????????????????????? ?????????????
???????????????????????????????? ?????????????????????????????????????????
Teaching.? ??????? ????? ???????????????
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?????????? ?????? ???? ?????? ??? ?????? ????? ??????? ??? ???????? ???? ???????????
?????????????????????????? ????????????? ???????????????????????????????
The Science Teacher.? ???????????????????
??????? ??????? ???????? ????????? ???? ???? ?????????? ???????????? Technical 
??????????????? ??????? ????? ????????????????????
Montgomery, Scott L. ?????????????????? ????????????????????????? Chicago, 
??????????????????????????????????
???????????????????? ??????? ?????????????????????????????? ???????????????
??????????????????????????????????????????????????????
??????????????????? ???????? ???????? ?????????BioScience. ????? ??? ??? ?? ???? ?????
??????? ????????????????????????????????????????????????????????????????
??????????????????????????????????????????????????????????????????????????
???????? ??????????????????????? ???????????? ?????????????? ???? ??????????Writing 
to Learn Mathematics and Science.? ??? ????????????????????????????????????
????????
Murphy, James, J., Ed. ???????? ?????????? ???????????????????? ???? ??????? ??????
?????????????????????????????? ?????? ??????????????????????
????????? ??????????????????????? ??????????????????????????? ?????????????????
?????????? ??????????????? ???????????????????????????????????????????
???????????????????????????Transforming Undergraduate Education in Science, 










?????????????????????????????????????????????????????????? ?????????English for 
?????????????????? ??????????????????




International Journal of Science Education. ??????? ???????????????
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????????? ??? ?? ??? ?????? ?? ????? ?????????????? ????????? ????????? ???????????
????????????? ?????????? ??? ????????? ???????????????????
Porush, David. ???????? ???????? ?????????????????????? ??? ???????????????????
Prelli, Lawrence J. ?? ???????????????????????????????????????? ?????????? ?????????
????????????????????????????????
Perelman, Leslie C., James Paradis, and Edward Barret, ???? ???????????????????
???????????????????????? ???????? ???????? ????? ?????????????????? ????????
?????????????????????????????? ??????????????????????????????????????????????????








??????????? ????? ???? ?????????? ???????? ???????????? ??????? ???? ???? ??????????
?????????Access Excellence.?????????????????????? ?????????????????????????
?????????????????????? ????????? ??????????????? ????????????????????????????
???????? ???????????????????????????????????????? ????? ?????????? ??????? ????????
???? ????? ??????????????????
??????????????? ??????????????????????????? ???????????The Best American Science 
???? ??????? ????????? ?????? ??????? ??? ???????? ???? ???? ?????? ?????????
????????????
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